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recorded at 250 ± 0.10 in purified dimethyl formamides
using a Cambridge pen recording polarograph
(capillary characteristics, 3·75 mg2/S sec-I/2) and
lithium chloride (1M) as supporting electrolyte.
SCE was used as the reference electrode and
purified nitrogen was bubbled through the solutions
for 15 min. Due corrections were made for residual
current in all the cases. The value of n, number
of electrons involved in the reduction process was
found by the millicoulometric method of DeVries
and Kroon- using a mercury pool cathode.
All these coupled products give one well-defined,
4-electron transfer reduction wave. The limiting
current exhibited linear dependence on mercury
pressure (40-55 cm) and to the concentration of
depolarizer (1 X 1o-IM to 2·5 X 10-IM). These facts
indicate the diffusion-controlled nature of the wave
which was further confirmed by the low value of
temp. coefficient (1·0-1·6% deg-1). Further it was
noted that El/2 values vary with the concentration
of the depolarizer and shift towards more positive
potential with the increase in concentration of the
depolarizer. This behaviour pointed towards the
irreversible nature of the electrode process'. This
was again confirmed by the linear plot of Ed .e.
versus
where R] = CHao R2 = CaHII' 9-
Similar reduction steps for the reduction of v .
azomethine (-C=N-) bond have also been pro-
posed by Zumans-s and others'.
Since the primary step in the reduction process
involves breaking of -NH-N- bond, an electron donat-
ing group would strengthen such a bond resulting
in the shift of El/2 towards more negative potential
whereas an electron withdrawing group would
facilitate reduction by decreasing electron density
at -NH-N- bond resulting in the shift of El/2 towards
more positive potential was found to be true for the
compounds under study.
A linear correlation between the half-wave poten-
tial in dimethyl forrnarnide medium and the
Hammett substituent constant (1 is shown in Fig. 1.
The value of artha-substituted derivatives deviated
significantly from the linear plot obtained. This
behaviour may be accounted for on the basis of
steric effects. - The p-substituted derivatives, viz,
methoxy, ethoxy, chloro and methyl, fit in the
linear plot. The observed value of specific reaction
constant (P = 0·11) based on the measurement of
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Fig. 1 - Plot of E1/2 versus IJ for 1-phenyl-2-arylhydrazo-
1,2,3-butanetriones
half-wave potentials of eight compounds to cover
a wide range of (1 values are in good agreement with
the P values obtained by earlier workers for large
number of compounds containing azomethine
bonds-". The positive P value indicates a nucleo-
philic reaction centre in the molecule thereby
indicating that electron withdrawing substituents
will facilitate the reduction and electron donating
groups make it more difficult.
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The study of cadmlwn reduction at the ~old wire
indicator electrode reveals unusual aspects. Very hiab
currents are obtained in the nitrate supportina electro-
lyte, only at the aold electrode. Moreover, of all the
bivalent ions, such hiab currents are obtained only for
cadmium. Current-concentration linearity is obtained
for nitrate ion and not for cadmium. Reduction of
Cd(lI) to Cd(I) followed by the oxidation of Cd(I) to
Cd(lI) in nitrate medium bas been sul1Qestedto account
for very hi~h currents.
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VOLTAMMETRIC work using the metal wireindicator electrodes, many times give rise to
results which are unique-+. This was evident in
the study using silver+ and silver amalgam", zinc
and zinc amalgam", gold" and gold amalgam" wire
indicator e'ectrodes. The difficulties encountered
in working with these electrodes have also been
catalogued'".
The work reported in this note is in continuation
of our earlier work on the gold wire indicator elec-
trode. In our laboratory, molybdenum wire elec-
trode was found to be the most satisfactory secon-
dary reference electrodet--P. It was so used in the
present work also.
For voltammetric work, Electroscan-30 (Beckman)
equipped with galvanostatic and potentiostatic
modes of operationw was used.
A 100 ml beaker type cell, fitted with a rubber
bung perforated with holes was employed-s. A three-
electrode system, viz, gold wire indicator (8 mm
long, 1 mm diam.), molybdenum wires auxiliary
and reference electrodes was employed. Fabrication
of the electrodes is described earlier=. Gold elec-
trode pretreatment consisted of cathodization in
1:4 sulphuric acid at - 1·5 V (vs SCE) for 2 min,
while cleaning with zero number emery paper was
followed for molybdenum electrodes.
All the reagents used were either AnalaR or GR
(E. Merck) high purity grade.
The voltammetric measurements were made at
25°±0·1°. Deexygenation of solutions was carried
out for 15 min. During the experiment, an inert
atmosphere was kept over the solution.
Voltanunetric reductions obtained at the metal
wire electrodes differl',6,7 from those at d.m.e. It
was, therefore, of interest to compare cadmium re-
duction potentials at different electrodes.
In O·l.M potassium chloride medium, the peak
potentials obtained for cadmium reduction at d.m.e.
mercury pool, platinum, platinum-20% rhodium
alloy, nichrome alloy and gold wire electrodes are
-0·60, - 0'70, - 0'79, - 0'81, - 0·79 and - 0·66
V respectively. Compared to the d.m.e., the peak
potentials are shifted to more negative values,
least shift being obtained for gold wire electrode.
Cadmium reduction was not observed at the silver
wire electrode.
The reduction was then tried in different support-
ing electrolytes on the gold wire electrode (Table 1).
No curves were obtained in acetate buffer and sul-
phosalicylic acid media at the gold electrode in
contrast to that at d.m.e. The peak potential be-
comes progressively negative as the supporting
electrolyte is changed from potassium chloride to
sodium perchlorate to potassium nitrate. Current-
cadmium concentration linearity is obtained only
in potassium chloride medium.
Very high current (= 5075 (loamp) is obtained in
the potassium nitrate medium. This current is not
proportional to the cadmium concentration, but to
nitrate concentration, over a wide range, in the
presence of a fixed cadmium concentration, 1·0 mM.
In the absence of cadmium, ordinary residual
current is obtained for different nitrate concentra-
tions.
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The reduction of other bivalent cations was tried
at the gold electrode in nitrate medium. For 0·1
mM each of Cu2+and Zn2+ reduction, a single curve
was obtained with currents of 68 and 53 p.amp
respectively, whereas two curves were obtained for
Hg2+, currents being 110 and 177 !Lamp in O'lM
potassium nitrate medium. It is thus clear that
the high current phenomenon is specific only to
cadmium reduction.
No high currents were obtained for cadmium
reduction in nitrite medium. Of the two curves,
current-concentration linearity was obtained for
the first curve (Table 2). Changes in the nitrite
concentration had marginal effect on the current.
In the presence of traces of nitrite, the high currents
noticed in nitrate medium, sudden decline, e.g. the
current of 24000 tJ-amp for 1·0 mM cadmium reduc-
tion in 0'5M potassium nitrate drops down to 96·0
(loamp in the presence of O'OOlM nitrite. Similarly,
in 0·001.711potassium nitrate and varying amounts
of nitrite, the current is reduced to 115 [.I,amp or
thereabout.
"'- .
TABLE 1 - REDUCTION OF Cd2+ IN DIFFERENT
SUPPORTINGELECTROLYTESUSING GOLD WIRE
INDICATORELECTRODE
(Voltage scan rate = 40 mV/sec)
[Cd2+]
mM
Supporting
electrolyte
M
Ep
V
ip
(Lamp
1·0
0·1
1'0
0'1
1'0
0'1
1'0
0'1
1'0
0'1
0'1, KCl
do
0'094, NaCiO,
do
0'1, KNO.
do
Acetate buffer
do
0·1 sulphosalicylic acid
do
-0'66 112'2
-0,61 9·9
-0'85 160·0
-0,61 25·0
-1'38 5075'0
-1'29 4116·0
No reduction peak is obtained
do
do
do
TABLE 2 - PEAK CURRENTS OBTAINED FOR Cd2+
REDUCTION IN KNO. MEDIUM USING GOLD WIRE
INDICATORELECTRODE
(Voltage scan rate = 40 mV/sec)
[Cd2+] [KN021 [KNOa] Ep ip
mM M M V (Lamp
1·0 0·1 nil -0,69 107-50
-0,90 23·75
1'0 0·01 nil -0'78 87'0
1·0 0·001 nil -0,95 88'5
0·5 0·10 nil -0,69 53·0
-0'87 26·0
0·5 0·001 nil -0,88 41·0
1'0 nil 0·001 -1'0 105·0
1·0 0·001 0·5 -0,93 96·0
1'0 0'1 0·001 -0,91 115·0
1·0 0·001 0·001 -0'89 117·50
1·0 0'0001 0·001 -0,90 114·32
1·0 0·001 0'0001 -0,87 91·0
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cadmium(I) in aqueous solution and explained
their results on the theory that cadmium(I) is oxi-
dized to the bipositive step by an oxidizing agent
like nitrate.
It is, therefore, possible that cadmium(I) is formed
on the gold electrode surface, when cadmium(I1)
is reduced in nitrate medium. This cadmium(I)
appears to be more stable on the electrode surface
than in the aqueous solution. Thus, the prerequi-
sites for catalytic reaction to take place are available.
Cadmium (I) formed on the electrode surface is
oxidized to cadmium(I1) in the presence of nitrate
ions. This cadmium(II} again gets reduced to
cadmium (I) and this process goes on giving rise to a
high value of current, in. the nitrate medium.
Evidently, the presence of nitrite prevents the
oxidation of cadmium(I) and hence low currents
are obtained in the nitrite medium. Admittedly,
much more work will be required to substantiate
the above reasoning, but under the circumstances,
this line of thought appears to be the most
plausible.
The authors are grateful to Dr M. Sankar Das and
Shri G. K. Bhide for their keen interest in the
work.
The effect of addition of different acids, alkalis
and salts on the reduction of 1·0 mM cadmium in
O·1.M potassium nitrate was also studied. The
currents obtained in the presence of O'IM potassium
chloride, O'lM sodium perchlorate O'IN perchloric
acid, 0'1M sulphuric acid, O'lN hydrochloric acid
and O'IN acetic acid are 6400, 5716, 6520, 8000,
11000 and 2750 !Lamp respectively. The current
increases in all the cases except in acetic acid me-
dium. However, not much importance can be
attached to this observation as the current-con-
centration linearity is not obtained.
In voltammetry, such high currents are obtained
in the case of catalytic reduction, which is observed
in the case of multivalent ions such as uranyl,
tungstate, chromate etc. Catalytic currents are
reported to have been observed in the case of bivalent
ions such as nickel and cobalt in presence of
pyridinew, cysteine-", etc.
The high currents obtained on gold wire electrode
for cadmium reduction in nitrate medium are akin
to the currents obtained for uranyl reduction in
nitrate medium, with the significant difference that
cadmium currents are obtained at gold wire electrode
only and not at d.m.e., while uranium currents are
obtained at both the electrodes. Apparently, the
current obtained for cadmium reduction is a catalytic References
current only. Disproportionation currents are PH
dependent. High currents in the case of cadmium J. ATHAVALE, V. T., DHANESHWAR, M. R. & DHANESHWAR,
are obtained even up to PH 8-9. Moreover dispro- R. G., Analyst, 94 (1969). 8.$5.
P ti t' ti d t '1 . 2. APTE, V. P. & DHANESHW«R, R. G., Indian J. Chem., 7or iona IOn reac IOn oes no necessari y require vr (1969), 416.
oxidizing anions such as nitrate or perchlorate; e.g. I. SARANG, D. A., Voltammetric studies usillg alloy electrodes,
disproportionation of uranium(VI} is obtained in V Ph.D. thesis, University of j30mbay, 1971-
chloride medium alsou• On the other hand, 4. BURANGEY, S. V., DHANESHWAR, M. R., DHANESHWAR,
catalytic reduction does require the presence of an v R. G., DHARMARAJAN, V'}2.ULKARNI, A. V., BARCReport No. 387, 1969.
oxidizing environment and cadmium reduction is ~. ATHAVAI.E, V. T., DHANESI AR, M. R. & DHANESHWAR,
obtained only in presence of nitrate ions. From R. G., J. electtoanal. Chem., 14 (1967), 31.
this, it is evident that the high current for cadmium . if. DHANESHWARvR. G., Proceedings of the symposium on
d I . V electrode processes, Jodhpur, 1966, 55.are ue to cata ytic reduction. 7. KULKARNI, A. V., Voltammetric investigations employing
The equation for catalytic reduction at d.m.e. iSl8: J various electrode systems, M.Sc. thesis, University of
i - 493nD 1/2C m2/3t2/3r(K +K )C']1/2 Bombay, 1969/
c - 0 0 L f b. J. DHANESHWAR, M. R., DHANESHWAR, R. G. & ZARAPKAR,
where Co and C. are the concentrations of the metal L. R., Curro su., 41 (1972), 873.
cation and anion taking part in the catalytic v". DHANESHWA~;/R. G., ~ALRECHA, M. M. & ZARAPKAR,
reaction L. R., Trans. oj SAEST, 8 (1973), 57.
.' . to. SMT. DHANESHWAR, M. R., DHANESHWAR, R. G., KUL-
This equation does not hold good in the present ../ KARNI, A. V. & SARANG, D. A., BARC Report No. 407,
study. The current obtained is not proportional 1969.
to cadmium concentration. Also instead of being JAI. ATHAVALE, V. ~., BURANGEY, S. V. & DHANESHWAR,. 1 . V R. G., Proceedings of SAC Conference, Nottingham (W.
pro~ortIona to the. sq~are root of n~trate concen- Heffer, Cambridge), 1965. 4.*6.
tration, the current 1S directly proportional to it. It -.)2. ATHAVALE, V. T., DHANESIMAR, M. R. & DHANESHWAR,
is clear that when metal wire electrodes are used R. G., AnJdyst, 92 (1967), 567.
the equations derived for d.m.e. cannot be take~~' D:t(~~~~~'5~'G. & KULKARNI A. V., Indian J. Chem.,
for granted. . ... . ~ DHANESHWAi,. M. R. & DHANESH~ AR, R. G.,.Pro~eedings
For any catalytic reaction, involving a metal ion, of 14th semsnar on electrochemistry; Karaikudi, 1973,
it is necessary, that the metal should exhibit more 207. . /
than one valency state, as is the case with uraniumVS, DHANESHWAR, M. R. & DHANESHWAR, R. G., Analyst, 97
(VI), titanium(IV}, etc. In the case of cadmium, 1>6.T~~:Z;~:6J?'I. & MALYAVINAKYA, O. N., Electroanal,
only one stable valency state, namely (II) is known. V· A bstr., 5 (1967), 2689.
On the face of it, therefore, it looks rather odd, that) 7. KALOUS, .V. «. KALOUSOVA, V., Etectroanal: Abstr., !5
catalytic reductions are obtained, involving cadmium y v(1967), 2687..:0..1 B J,r It tri t d ; g" gold. H . . ... ERNEKAR, .~. ., 0 amme ric s u y us.·n
~on. owever, It is reported that cadmium exists wire electrode, lV1.Sc. thesis, University of Bombay,
In two valency states!"; Cadmium(I} and cadmium 1974. . .
(II). Cadmiumfl) is reported to be present in 09. COTTO~, F. A ., & WILKINSON, G. W., A~vanced tnorgantc
melts but this remains to be conclusively proved. chemistry (Wiley Eastern, New Delhi), 1969. 601.
S 120 h' . 2~. SORENSEN, D. T., DAVIDSON, A. W. & KLEINBERG, J.,orensen et a. ave hinted at the existence of v J. inorg. nucl, Chem., 13 (1960), 64.
\
351
